The effect of sympathetic stimulation (stellate ganglion) on dog cerebral and cephalic blood flows was studied via a cervical or a thoracic approach to the stellate ganglion under sodium pentobarbital or' chloralose anesthesia. Two different stimulation voltages (3v and 5v) of monophasic pulses were applied for 1 minute. Venous outflow was measured at the confluence of the sagittal, straight and lateral sinuses with the lateral sinuses occluded and with them patent. When the lateral sinuses were occluded, stellate ganglion stimulation resulted in a marked decrease in common carotid blood flow to 38 ± 2.5% (SE) of control and dilation of the ipsilateral pupil, but cerebral blood flow did not change. Similar effects were observed with each of the anatomic approaches, anesthetics, and voltages used and in dogs with low cerebral vascular tone induced by hypercapnia. When the lateral sinuses were kept patent, sympathetic nerve stimulation decreased the venous outflow to 89 ± 2.9% of control and clamping both of the external jugular veins increased venous outflow to 120 ± 2.7% of control. When the lateral sinuses were kept patent and the extracranial venous pressure was increased by clamping both of the external jugular veins, the decrease in venous outflow in response to sympathetic stimulation was even larger: venous outflow was only 65 ± 4.9% of control. We conclude that stimulation of the stellate ganglion has no effect on the cerebral vasculature. Sympathetic stimulation significantly decreases venous blood flow measured at the confluence of the sinuses only when communications between the intracranial and extracranial venous vasculatures are present.
• Current experimental evidence supports the concept that cerebral blood vessels and pial arteries are plentifully supplied with adrenergic innervation. It has been shown, however, that the intracranial intraparenchymal arteries and arterioles have only a scanty adrenergic innervation (1-3) compared with the rich innervation of the extraparenchymal vessels (1) . This innervation has been well demonstrated by several different techniques: (a) light microscopy (4), (b) electron microscopy (2, 5, 6) , and (c) fluorescent histochemistry (7, 8) . However, the nature and the functional importance of the adrenergic innervation remains controversial. Previous work has indicated that the carotid sinus reflex has no influence on cerebral vascular tone or the autoregulatory responses of cerebral blood flow to changes in perfusion pressure (9) . Also, most workers have observed that the cervical sympathetic system has no, or only a slight, effect on the cerebral vasculature (1, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . In contrast, it has been postulated that stimulation of the stellate ganglion or the nerves arising from it to the superior cervical ganglion produces a marked vasoconstriction-of the cerebral vasculature (29.9% in monkeys [21] and 79.7% in dogs [22] ).
The data obtained by different investigators concerning both the pial vessel and cerebral vasculature responses to sympathetic nerve stimulation are not only conflicting but also most difficult to interpret because of the numerous problems encountered in the study of the cerebral vessels. These problems may be (a) intrinsic to the cerebral vasculature, i.e., contamination of intracranial blood with blood from extracranial sources, changes in cerebral metabolism caused by experimental procedures, possible differences in vascular reactivities in different parts of the brain, and species differences, or (b) related to technical
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deficiencies in the experimental procedure, i.e., surgical trauma to the cerebral vasculature resulting in a loss of cerebral autoregulation, inadequate control of blood gas tensions and arterial blood pressure, and different levels of consciousness of the experimental animals.
In this investigation the effect of stimulation of the stellate ganglion and its branches on both cerebral and cephalic blood flow was studied in dogs, particularly in relation to the effect that contamination of the measured flow with extracranial blood may have on the interpretation of the functional significance of sympathetic nerves in the control of cerebral blood flow.
Methods
General Procedures.-Experiments were done on 62 adult mongrel dogs of either sex (15-24 kg) anesthetized with sodium pentobarbital (30 mg/kg, iv) or chloralose (100 mg/kg, iv). Supplemental doses of each anesthetic were administered as required. Heparin (500 units/kg) was used as the anticoagulant, with additional doses given every 90 minutes. The dogs were paralyzed with gallamine triethiodide (Flaxedil) and ventilated with a positive-pressure respirator (Harvard respiration pump 607) connected to either an endotracheal or a tracheostomy tube. The tidal volume and the rate of respiration were adjusted to give an alveolar (end-expiratory) carbon dioxide tension of 4% as monitored by a CO 2 gas analyzer (Beckman LB-1). The CO 2 analyzer was regularly calibrated with mixtures of CO 2 in air analyzed to a precision of 0.01%. Dissection to expose the femoral artery and vein, the carotid arteries, and the cranium was done with an electric cautery. Arterial blood pressure (iliac arterial pressure) was measured via a cannula advanced from the femoral artery. Heart rate (beats/ min) was measured from the R wave of the electrocardiogram with the use of a cardiotachometer. To prevent cooling, the dogs were covered with a plastic sheet, and all surgical areas, where possible, were sutured with skin clips. Rectal temperature was maintained around 38°C throughout the experiment with the use of a thermostatically controlled pad. All pressures were measured with Statham P-23 strain gauges, and all data were recorded on a Beckman type R dynograph.
The left or right stellate ganglion, respectively, was exposed and isolated, by either a thoracic (47 dogs) or a cervical approach (15 dogs). Since with both approaches the pleura was left intact, significant pneumothorax did not occur. Each branch of the stellate ganglion (ansa subclavia, vertebral, cephalic pole, caudal pole, and stellate body itself) was then systematically stimulated electrically with a pulse either 3 or 5 v in amplitude and 2 or 3 msec in duration at 14 or 15 cps (Grass model SD 9 stimulator) for 60 seconds. The pupillary response was observed during each stimulation. Parameters were measured just before stimulation (control period), 10 seconds and 50 seconds after sympathetic stimulation was begun, and after the end of stimulation during the peak of reactive hyperemia and when all variables had returned to control values.
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Measurement of Blood Flows.-The technique used to measure cerebral venous blood outflow has been described by Rapela and Green (23) . The confluence of the cerebral sinuses was cannulated, and the lateral sinuses and occipital emissary veins were occluded with bone wax to prevent communication between the intracranial and extracranial venous circulations. From the confluence of the sinuses the blood then passed through a previously calibrated electromagnetic flow probe before returning to the dog via the femoral vein (Fig. 1) . With this technique approximately 50-70% of the mass of the brain is drained at the confluence of the sagittal and straight sinuses. Blood flow measured at the confluence of the sinuses before and after occlusion of the lateral sinuses will be designated, respectively, as "venous outflow" and "cerebral venous outflow." Blood outflow from the confluence of the sinuses regardless of the condition of the lateral sinuses will be referred to as "confluence venous outflow." Venous and cerebral venous outflow pressures were measured upstream from the flowmeter. These pressures merely measure the resistance to the flow of blood induced by the flow transducer, since the outflow was open to atmospheric pressure (Fig.  1) . The tip of the outflow cannula was set at the level of the right atrium, and all pressures were referred to this common zero reference plane. Brain perfusion pressure was estimated as systemic blood pressure minus cerebral venous outflow pressure. Intracranial vascular conductance was calculated by dividing cerebral venous outflow by brain perfusion pressure.
Extracranial blood flow was estimated by a noncannulating electromagnetic flow probe placed around the left (or right) common carotid artery ipsilateral to the stimulated side (Fig. 1) . Systemic arterial blood pressure was taken as extracranial perfusion pressure and used to calculate extracranial vascular conductance.
Blood Gas Analysis.-Arterial and cerebral venous blood samples were taken from the femoral artery and the cerebral venous outflow cannula, respectively. Blood samples (2 ml) were taken 30 seconds before sympathetic stimulation, 50 seconds after the beginning of stimulation, and 60-90 seconds after the end of stimulation. Oxygen tension, carbon dioxide tension, and pH at 37°C were measured immediately after the samples were obtained using a Radiometer analyzer and electrodes. The electrodes were calibrated with air (20.08% O 2 ) and mixtures of oxygen in nitrogen (around 8%) and carbon dioxide in air (around 5% and 10% CO 2 ) analyzed to a precision of 0.01%. The pH electrode was calibrated with standard phosphate buffers (pH 6.840 and 7.381). Calibration of the electrodes was done before and after each set of samples was taken.
Verification of the Measurement of Cerebral Blood Flow.-In each dog preparation, an hemodynamic test was carried out to verify that intracranial venous outflow was not contaminated with venous blood from extracranial sources. This test consisted of occluding the venous outflow tube and observing the response of venous outflow pressure before and after occlusion of the lateral sinuses (Fig. 2) . Two factors should be considered in the interpretation of this test: one involves the rate of rise of venous outflow pressure, and the other concerns the highest level that venous outflow pressure reaches following oclusion of the venous outflow tubing. Prior to occlusion of the lateral sinuses, occlusion of the venous outflow tube resulted in a rise in venous outflow pressure from 0 to 11 mm Hg. When the venous outflow tube was occluded following the occlusion of the lateral sinuses, venous outflow pressure increased immediately to 85 mm Hg. In every case, venous outflow pressure rose to values above 50 mm Hg. When the occlusion of the venous outflow tube was released, both venous outflow and venous outflow pressure returned to control values. This hemodynamic test supports the concept that prior to occlusion of the lateral sinuses numerous anastomotic channels exist between the intracranial and extracranial venous circulations. These extracranial drainage routes, open to the venous outflow when the outflow tube is occluded prior to occlusion of the lateral sinuses, account for the slight increase in venous outflow pressure observed under this condition. Following occlusion of the lateral sinuses, most of these anastomotic channels are eliminated, and thus, on outflow tube occlusion, a considerable rise in cerebral venous outflow pressure does occur. Figure 2 also shows that occlusion of the lateral sinuses alone reduced the level of confluence venous outflow from 25 to 15 ml/min, indicating that 10 ml/min (the difference in venous outflow before and after lateral sinus occlusion) of extracranial venous outflow was shunted out through intracranial venous anastomoses prior to lateral sinus occlusion. In ten experiments the effect of occlusion of both jugular veins (increased extracranial venous pressure) on venous outflow from the confluence of the sinuses was studied before and after occlusion of the lateral sinuses (Fig. 3) . Occlusion of both jugular veins resulted in an increase in venous outflow to 120 ± 2.7% (SE) of control (P = 0.001) only when it was effected prior to occlusion of the lateral sinuses. Under these conditions jugular vein occlusion increased resistance to blood flow via normal channels draining extracranial venous blood, which was in part diverted via patent intervenous anastomotic channels and thus added to the flow measured out of the confluence of the sinuses. Occlusion of the lateral sinuses prevented communication between the intra-and extracranial circulation; thus, on jugular vein occlusion after this procedure, cerebral venous outflow remained at its control value. This second hemodynamic test further supports the concept that the anastomoses between extra-and intracranial venous circulations cease to be functionally significant after occlusion of the lateral sinuses. 
Results
Effect of Sympathetic Stimulation on
and after Occlusion of Communications between Intra-and Extracranial Venous
Circulations.-The effect of stimulation of the right or left ansa subclavian immediately after it emerges from the stellate ganglion was studied in separate experiments; in both groups of experiments, stimulations were performed before and after occlusion of the lateral sinuses. The right or left stellate ganglion was exposed, respectively, by a cervical or a thoracic approach. Stimulation of the ansa subclavian was used, because stimulation of other nerves emerging from the stellate ganglion or stimulation of the body of the stellate ganglion induced less intensive responses of cephalic effectors, as judged by the response of the pupil or the common carotid blood flow, although cerebral venous outflow did not change with stimulation of any of these sites. Therefore, ansa subclavian or stellate ganglion stimulation will be used interchangeably. In all experiments blood flows were measured at the confluence of the sinuses and at the common carotid artery (cephalic blood flow) ipsilateral to the site of stimulation. In 15 of the 47 experiments in which the thoracic approach was used, the effect of sympathetic stimulation on cerebral blood flow was studied prior to dissection of the neck to expose the common carotid artery. This study was done to determine whether the surgery required to expose the common carotid artery interfered with the cerebrovascular responses to nerve stimulation. Similar results were obtained with both left and right side stimulations, cervical and thoracic approaches, and before and after dissection of the neck. Figure 4 shows the effects of sympathetic nerve stimulation on cerebral blood flow before and after dissection of the neck with the lateral sinuses occluded. Prior to dissection of the neck, stimulation resulted in an increase in blood pressure (105 to 130 mm Hg) and a smaller increase in cerebral venous outflow (16.0 to 18.0 ml/min). After dissection of the neck and placement of the carotid flow probe, the blood pressure response and the cerebral venous outflow response to sympathetic stimulation were the same as they were before dissection, and there was a marked reduction in carotid blood flow (65 to 20 ml/min). These data demonstrate that the response of the cerebral vessels to nerve stimulation is not altered by the dissection required to expose the common carotid arteries.
The left half of Figure 5 shows the effect of stimulation lasting 1 minute before the lateral sinuses were occluded and, therefore, when large communications existed between the intra-and extracranial venous systems. The common carotid blood flow and the blood flow measured at the confluence of the sinuses (venous outflow) decreased. This latter reduction in flow appears to indicate a constriction of the cerebral vasculature. However, the right half of Figure 5 shows that after occlusion of the lateral sinuses the blood flow measured at the confluence of the sinuses (cerebral venous outflow) prior to stimulation was decreased to values that approximated those observed during stimulation .before occlusion of the lateral sinuses. In addition, following occlusion of the lateral sinuses stimulation of the stellate ganglion did not affect cerebral venous outflow, although left common carotid blood flow decreased markedly to the same extent as it did before the occlusion. The lack of effect on cerebral venous outflow contrasts with the decrease in venous outflow measured at the confluence when the lateral sinuses were patent. Sympathetic stimulation was accompanied in every case by dilation of the ipsilateral pupil and generally by only small increases in systemic arterial blood pressure to 105-110% of control. Pupillary dilation occurred almost immediately after the onset of stimulation and was maintained until stimulation was stopped. Endotracheal CO 2 also increased slightly to 105% of control during stimulation and returned to control values when stimulation ceased.
Statistical comparison of the results obtained, utilizing either a thoracic (47 dogs) or a cervical approach (15 dogs) for isolation of the stellate ganglion, demonstrated that the results were similar in spite of the two different isolation procedures used. Also, the results obtained with different voltages of stimulation, 3v in 28 dogs and 5v in 34 dogs, with two different anesthetics, sodium pentobarbital in 47 dogs and chloralose in 15 dogs, and before and after dissection of the neck (15 dogs) did not show statistically significant differences according to Student's i-test.
The effect of stellate ganglion stimulation on confluence and cephalic blood flows before and after lateral sinus occlusion in 62 dogs (thoracic and cervical approaches) involving 694 stimulations is summarized in Figure 6 . Data are presented as mean percents of the control value ± SE for four sample periods: 10 seconds and 50 seconds after sympathetic stimulation was begun, after the end of stimulation (reactive hyperemia), and after return to control values. The solid lines represent data obtained prior to lateral sinus occlusion, and the broken lines represent data obtained after lateral sinus occlusion. Prior to lateral sinus occlusion, stellate ganglion stimulation resulted in a decrease in blood flow measured at the confluence of the sinuses (venous outflow) both 10 seconds and 50 seconds after the initiation of stimulation. 
Effects of stimulation of the ansa subclavian immediately after it emerges from the stellate ganglion dissected via a thoracic or a cervical approach before and after lateral sinus occlusion in 62 dog preparations involving 694 stimulations.
Apparent cerebral blood flow, measured at both periods, decreased to 89 ± 2.9% and 90 ± 3.2% of control (P < 0.02). Left common carotid blood flow decreased to 44 ± 7.2% and 50 ± 5.2% of control at the 10-and 50-second stimulation periods, respectively (P < 0.001). Following lateral sinus occlusion, cerebral venous outflow increased slightly during stimulation at the 10-and 50-second periods (108 ± 1.3% and 107 ± 1.1% of control); however, left common carotid blood flow measured at both time periods decreased markedly to 38 ± 2.5% and 44 ± 1.5% of control (P < 0.001).
Cerebral blood flow increased slightly with the perfusion pressure, but the conductance decreased at both 10 and 50 seconds (95 ± 1.4% and 94 ± 1.0%, respectively), indicating autoregulation of blood flow. In experiments in which sympathetic stimulation did not induce changes in systemic arterial blood pressure, no changes were observed in either conductance or cerebral blood flow; in these experiments, the responses of cephalic flow were similar to those described previously.
Effect of Occluding the External Jugular Veins on the Responses of Venous Outflow and Cerebral
Venous Outflow to Sympathetic Stimulation.-Obstruction of the extracranial venous circulation by clamping both of the external jugular veins increased blood flow measured at the confluence of the sinuses to 120% of control prior to lateral sinus occlusion (Fig. 3) . Under these conditions, stellate ganglion stimulation produced a significantly greater reduction in blood flow measured at the confluence of the sinuses (venous outflow) than it did when the jugular veins were patent (ten dogs) (Fig. 7) . Occlusion of the jugular veins increased the response of venous outflow: after 10 seconds of sympathetic stimulation venous outflow was 89 ± 2.9% of control prior to occlusion and 65 ± 4.9% of control after occlusion (P < 0.001) and after 50 seconds of stimulation it was 90 ± 3.2% of control prior to occlusion and 67 ± 5.5% of control after occlusion (P < 0.001). Thus, raising extracranial venous pressure by occluding the jugular veins induced an even greater apparent cerebral vasoconstriction than that observed when the jugular veins were patent. Following lateral sinus occlusion, sympathetic stimulation had no effect on cerebral venous outflow either before or during jugular occlusion. The responses of left common carotid blood flow and perfusion pressure to stellate ganglion stimulation were similar before and after jugular occlusion.
Effect of Sympathetic Nerve Stimulation on Cephalic and Cerebral Blood Flow during
Hypercapnia.-To test the effects of stellate ganglion stimulation under conditions in which a possible basal constriction of the cerebral vessels is abolished, stimulation was repeated while the dogs were ventilated with a high CO 2 air gas mixture (12 dogs, 12 stimulations) (Fig. 8) . This test was performed only after occlusion of the lateral sinuses when no major anastomotic channels existed between intra-and extracranial venous circulations. The increase in respired CO 2 to 12 ± 2.2% produced a marked dilation of the cerebral vessels (190 ± 10.1% of control conductance). Stellate ganglion stimulation markedly decreased common carotid blood flow (43 ± 5.6% of control) and increased blood pressure (112 ± 2.1% of control). Cerebral blood flow followed passively the changes in perfusion pressure as is usually observed when the cerebral vasculature is dilated due to a high blood CO 2 tension (Fig. 8) . These data indicate that in spite of the low cerebral vascular tone sympathetic stimulation did not induce constriction of the cerebral vessels.
Effect of Sympathetic Nerve Stimulation on Blood Gas Tensions.-Sympathetic nerve stimulation resulted in a slight increase in endotracheal CO 2 to 105% of control or less (Figs. 4-6) , and this increase appeared to be reflected in arterial blood samples taken during stimulation. Table 1 gives blood gas data obtained before, during, and after sympathetic nerve stimulation in nine dogs, based on approximately 30 trial stimulations. Sympathetic nerve stimulation did not significantly change either arterial or venous blood gas measurements. However, there was a tendency for arterial CO 2 tension to increase and for arterial O 2 tension to decrease. These changes in arterial blood gas Arterial and venous samples were taken prior to nerve stimulation, 50 seconds after the start of stimulation, and between 60 and 90 seconds after the end of stimulation. Values are means ± SE, and the number of observations is given in parenthesis. Po 2 = oxygen tension and Pco 2 = carbon dioxide tension.
tensions would tend to produce a slight vasodilation. To ensure that the slight increase in CO 2 tension did not obscure a possible vasoconstrictor effect resulting from sympathetic stimulation, stimulation was repeated in 17 dogs in which the arterial CO 2 tension was either maintained constant or intentionally lowered during stimulation. In these experiments sympathetic stimulation during unchanged or reduced end-tidal CO 2 still did not induce changes in cerebral blood flow (110 ± 2.6% and 108 ± 2.8% of control, respectively), although common carotid blood flow markedly decreased (34 ± 5.5% and 37 ± 3.4% of control 10 seconds and 50 seconds after the onset of stimulation, respectively).
Discussion
The cephalic circulation can be conceived as two parallel vascular beds, one supplying blood to the intracranial and the other to the extracranial structures. Between these two vascular beds there are numerous interarterial and intervenous anastomoses. The extent of these anastomoses varies in different species; they are of greater magnitude in the dog but are present even in primates (24) (25) (26) . These anastomoses have a major functional significance in the interpretation of results of experiments designed to determine the reactivity characteristics of each of the vasculatures in parallel.
Venous outflow was measured in the present study because the cephalic venous vasculature lends itself to an easier functional isolation of the two parallel vascular beds than does the arterial vasculature (23) . This functional isolation of the intra-from the extracranial venous circulation can be tested efficiently and simply by measuring the rise in venous outflow pressure when the venous outflow is occluded (Fig. 2) . Testing such funcCirculation Research, Vol. 36, May 1975 tional isolation is essential in any preparation designed to study the reactivity characteristics of two vascular beds in parallel by measuring either venous outflow or arterial inflow. This testing is particularly crucial when one is studying the cerebral (intracranial) circulation, since it reacts to nervous, drug, or humoral stimuli differently from the extracranial circulation.
When the stellate ganglion was stimulated prior to the isolation of the intra-from the extracranial circulation, a decrease in the measured venous outflow indicated an apparent constriction of the cerebral vasculature. This decrease in venous outflow can be explained by the constriction which occurred in the extracranial vasculature and the subsequent decrease in contaminating extracranial blood flow. A further demonstration of the role that extracranial blood contamination plays in the interpretation of the measured cerebral blood flow (venous outflow) was obtained in experiments in which the extracranial venous blood pressure and consequently the control venous outflow were increased by occluding the external jugular veins. Under the condition of increased extracranial blood flow contamination in the venous outflow, sympathetic stimulation induced a decrease in venous outflow to 65% of control instead of the 89% observed with the jugular veins patent.
These experimental conditions may mimic those of experiments in which marked reductions of "cerebral" venous blood flow during sympathetic stimulation have been reported (21, 22) . The apparent cerebral vasoconstriction to 20% of control observed in dogs using a venous outflow technique (22) can be accounted for, most likely, on the basis of extracranial contamination of the measured flow. In these studies, extracranial contamination may have been facilitated by the surgical tech-nique which included ligation or blockade of numerous extracranial venous outflow channels. With the presence of anastomotic channels the ligation of extracranial drainage routes would increase extracranial venous pressure and contaminate the measured outflow with extracranial blood via persistent functional intervenous anastomoses; the greater the number of vessels ligated, the greater the diversion of extracranial venous blood to the confluence of the sinuses. This effect would make it appear as if the cerebral vasculature were constricting with sympathetic stimulation. That the decrease in venous outflow and the apparent cerebral vasoconstriction were solely due to the contamination by extracranial blood is supported by the fact that after suppression of anastomotic communications by occlusion of the lateral sinuses no changes in supratentorial cerebral blood flow (cerebral venous outflow) were observed during sympathetic stimulation in our study (Figs. 4-6) .
Problems in the determination of changes in cerebral blood flow are also encountered when arterial inflow is measured. In studies of arterial inflow, all arteries bringing blood to the head have been ligated except one and the flow in this remaining channel has been measured and called cerebral blood flow. However, it has been shown that the effects of ligating one cephalic artery in the dog are compensated for by the shunting of blood from the remaining intra-or extracranial arteries (27, 28) . It has also been shown that compensation can occur in man when one of the carotid arteries is ligated (29) . The observed reduction in internal carotid blood flow to 70% of control with sympathetic stimulation in monkeys (21) has been described to be the result of intracerebral vasoconstriction. In this study the common carotid blood flow was measured with th^ external carotid artery ligated and such flow was then taken as being representative of cerebral blood flow. Because of the presence of numerous interarterial anastomoses, the cephalic arterial circulation should be left as undisturbed as possible when arterial inflow is being measured.
Our data support those of other investigators which show only a slight or no effect of sympathetic nerve stimulation on the cerebral vasculature. The observations of Bayliss et al. (30) and Hill and MacLeod (13) indicate that vasomotor nerves are of only minor importance in the regulation of cerebral blood flow. Their suggestion has been supported by more recent reviews (31, 32) as well as by a wealth of individual investigations, some of which have already been mentioned. In the most recent work of Meyer and Klassen (33), using the particle distribution method, sympathetic stimulation did not reduce cerebral blood flow either globally or regionally. Skinhoj (19) , using the l33 Xe clearance method in man, has demonstrated that sympathetic stimulation provoked by distention of the bladder does not alter cerebral blood flow. Aim and Bill (34) have stimulated the sympathetic chain and measured both retinal and cerebral blood flow using the labeled microsphere method in cats. Their data demonstrate that blood flow through the innermost layers of the retina is reduced by sympathetic stimulation, although cerebral blood flow shows no change. In addition, it has also been observed by a number of investigators that extirpation of the superior cervical ganglion has no, or only very little, effect on total cerebral blood flow (10, 35) . The cerebral circulatory effects of stellate ganglion blockade or stellectomy in man have also been studied (12, 36) ; in neither of these studies was a significant change in cerebral blood flow found. Thus, it would seem, as Schmidt (24) has already concluded, that the sympathetic cerebral vasomotor innervation is probably of small or no physiological importance.
Although the thoracolumbar sympathetic system does not appear to influence the cerebral vasculature, the possibility of the involvement of higher brain (neurogenic) centers in the regulation of cerebral blood flow cannot be excluded. It is conceivable that the plentiful innervation which surrounds extraparenchymal cerebral vessels, at least in part, originates from these higher neurogenic centers. Electrical stimulation of the pontobulbar pressor area and the hypothalamic pressor area in the brain of cats and rabbits has been reported to decrease cerebral blood flow (37) . Stimulation of the posterior region of the hypothalamus causes, in addition to other sympathetic responses, pupillary dilation, piloerection, hypertension, and a bilateral vasoconstriction of the pial vessels (38) . It has been shown that this pial vasoconstriction is rapid in onset and occurs prior to any changes in blood pressure and that the constriction is independent of changes in blood gas tensions. These vasoconstrictor responses are unaffected by cervical sympathectomy (37) . These reports provide some support for the postulation that neural pathways involving the higher brain centers mediate cerebral vasoconstriction.
Two aspects concerning the critical evaluation of the data presented in the present paper must be given attention: (1) the technique used to measure cerebral blood flow, and (2) the effects of anesthesia. We used a venous outflow method which averages the blood flow from several regions of the brain; it is possible that sympathetic nerve stimulation may result in small reductions in regional blood flow which are not reflected in the mean outflow measurement. Thus, it may be that vasoconstriction of small isolated regions is overlooked with the technique that we used. In addition, our technique has been estimated to measure approximately 50-70% of the total brain venous outflow; therefore, if sympathetic-induced vasoconstriction occurred only in areas from which blood flow was not being measured, we would not then observe any change in total venous outflow via this method.
The depressant effects of barbiturate anesthesia did not appear to influence the characteristics of the response of the cerebral vasculature to sympathetic stimulation. The cerebral blood flow was unaltered by sympathetic stimulation, whereas extracranial blood flow was markedly decreased when the dogs were either deeply (nonreflexogenic) or lightly (reflexogenic) anesthetized with sodium pentobarbital. Similar responses were obtained under chloralose anesthesia, which maintains vivid reflexes. Pupillary dilation occurred with each sympathetic stimulation and appeared to be independent of the type of anesthetic used or the level of anesthesia obtained.
Despite many studies concerning themselves with the neurogenic control of the cerebral vasculature, the physiological and pathophysiological role of the apparently abundant sympathetic innervation (at least to the intracranial extraparenchymal vessels) of the cerebral vasculature is not yet clear. It would appear from this study that the physiological role of this innervation is of only minor significance. The major emphasis of our paper is to point out the erroneous conclusions that can be drawn concerning the regulation of cerebral blood flow when the responses of the two distinctly different systems, intracranial and extracranial, are not carefully and completely delineated. These two systems do indeed respond differently to the same stimulus of sympathetic nerve stimulation.
